Local and national efforts, such as the Centers for Disease Control and Prevention' s Get Smart Program, have tried to decrease inappropriate use of antibiotics, particularly for respiratory tract infections (RTIs), [1] [2] [3] to minimize the development and spread of antimicrobial resistance. 4, 5 In addition, professional organizations, including the American Academy of Pediatrics, have long promoted judicious use of antibiotics by issuing treatment guidelines for common pediatric infections. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Judicious use of antibiotics includes provider adherence to prescribing guidelines, not using antibiotics for probable viral infections, and using the narrowest spectrum agent that is active against the targeted pathogens. 1, 19 These efforts, coupled with the introduction of new vaccines and attention focused by the lay press on antibiotic misuse, have resulted in substantial decreases in antibiotic use for US children during the last 2 decades. 20, 21 Centers for Disease Control and Prevention investigators reported up to a 24% cumulative reduction in antibiotic use between 1993 and 2008 in children aged ,14 years. 22 For children aged ,5 years, in whom antibiotic utilization is highest, an impressive 36% reduction in the use of antibiotics for RTIs occurred between 1995 and 2006. 23 It is unknown whether the previous downward trend in antibiotic use will continue or if a leveling off of prescribing will soon be reached. Stabilization of antibiotic use rates may be appropriate if principles of judicious use are being followed or it may signal the need for new interventions. A recent study from a limited number of communities in Massachusetts indicated that stabilization of dispensing has occurred in children aged ,6 years. 24 Because geographic variation exists in antibiotic prescribing, 21, [25] [26] [27] we investigated trends in community antibiotic dispensing in children aged ,18 years insured by 3 geographically distinct health plans to examine whether rates have leveled off at these sites. We also explored trends in antibiotic utilization for common infections among specific age groups and within drug categories to better understand prescribing and inform where additional interventions may be needed.
METHODS

Setting
The study population included children 3 months to ,18 years of age between September 1, 2000, and August 31, 2010, in 3 commercial health plans located in New England (A), the Mountain West (B), and the Midwest (C) regions of the United States. All health plans are members of the HMO Research Network. 28 Plan A is a commercial health insurer that reimburses care provided by a large network of affiliated practices; plan B is an integrated health care delivery system with a multispecialty group practice; and plan C is an insurer with both an integrated health care delivery system and affiliated network practices. Children enrolled for a minimum of 7 consecutive days with concurrent pharmacy benefits were included. Each study year was defined as September 1 to August 31 to include an entire 12-month period with only 1 respiratory illness season. This study was approved by the institutional review board of Harvard Pilgrim Health Care. Institutional review board approval was ceded to Harvard Pilgrim Health Care by the 2 other health plans.
Data Collection
A previously developed approach for analysis without transfer of personal health information was used to calculate rates of antibiotic dispensings per person-year of observation in each health plan. 21, 29, 30 Within each study year, we calculated the number of days a subject spent in each of the age categories: 3 to ,24 months and 2 to ,4, 4 to ,6, 6 to ,12, and 12 to ,18 years. A child could contribute data to multiple age groups as he or she aged and might contribute to 2 age groups in a single year.
Antibiotic data were captured similarly at all 3 sites. 31 Dispensings of oral antibiotics were identified by using pharmacy claims data according to a previously developed list of National Drug Codes 32 cross-indexed by using generic or brand name and grouped into antimicrobial subclasses. Subclass groupings included first-line penicillins (eg, amoxicillin), amoxicillin-clavulanate, erythromycin, second-generation macrolides (azithromycin, clarithromycin), and firstgeneration (eg, cephalexin), secondgeneration (eg, cefuroxime), and third-generation (eg, cefdinir, cefixime) cephalosporins. Other oral antibiotics were grouped as "other," except for those used in adolescents, for whom we classed tetracyclines separately (Appendix 1). Antitubercular, antihelminthic, and parenteral preparations and topical antibiotics were excluded.
Encounter data were used to link each dispensing to the diagnosis assigned at the most recent outpatient visit (including urgent care or emergency department encounters) in the previous 3 days. If no visit occurred in this time frame, the dispensing was classified as "unlinked." A previously described algorithm was used to identify a primary International Classification of Diseases, Ninth Revision, diagnosis for each visit, giving priority to any diagnosis of a bacterial infection and using a hierarchy of bacterial diagnoses 21 (Appendix 2).
Data Analysis
Withineachagegroup,annualpopulationbased antibiotic-dispensing rates (number of antibiotic dispensings divided by the number of person-years aggregated across individuals) were determined according to health plan and year, and 95% confidence intervals (CIs) were calculated. 21 Differences in total antibiotic rates between the first and last study years and among study sites were tested for statistical significance (P , .05) based on a Poisson regression model that accounted for person-years enrolled.
We sought to understand if the data were most consistent with a single linear trend throughout the study period or if the linear slope changed at some point (ie, a "2-slope" model). We tested each study year as a potential inflection point by fitting a model with separate linear slopes in the years preceding and the years after that point. 24, 33 Within each plan and age group, the year for which the model had the smallest Akaike information criterion was designated the most likely year for a change in slope. If this 2-slope model fit significantly better than the single-slope model (P , .05), we calculated the percent year-to-year decline preinflection and postinflection. CIs were examined for the rate of change in the postinflection period to see if data were consistent, statistically, with stabilization (defined as a 0% rate of change).
The percentage of visits for each diagnosis that was associated with an antibiotic dispensing was calculated, as was dispensing of each class of antibiotic for diagnoses of interest. All analyses were conducted by using SAS version 9.3 (SAS Institute, Inc, Cary, NC).
RESULTS
During the 10-year study period, the total number of person-years observed across all 3 sites was 395 095 for children aged 3 to ,24 months; 454 165 for children aged 2 to ,4 years; 460 092 for children aged 4 to ,6 years; 1 450 327 for children aged 6 to ,12 years; and 1 570 713 for children aged 12 to ,18 years. 
FIGURE 1
Rates of antibiotic dispensing per person-year of enrollment for children aged as follows: A, 3 to 24 months; B, 2 to ,4 years; C, 4 to ,6 years; D, 6 to ,12 years; and E, 12 to ,18 years. Values are for each health plan (A-C) between 2000 and 2010. Note: axes differ for the last 2 age groups. Enhanced marker reflects year of greatest change in decline of antibiotic rate. Although 95% CIs were calculated, the results were too small to be visible on graphs.
antibiotics per person-year in plans A, B, and C, respectively, down from starting rates of 2.27, 1.40, and 2.23 antibiotics per person-year in this age group. Minimal, although statistically significant, changes in dispensing occurred in children aged $6 years. Antibiotic dispensing varied considerably among the 3 health plans in each of the age groups (P , .001). Plan B consistently had lower visit rates and antibiotic-dispensing rates compared with plans A and C for each age group (Fig 1) .
Stabilization of Antibiotic Dispensing
Although rates decreased between 2000-2001 and 2009-2010 for all age groups and health plans, in all cases a model for a single downward slope was rejected in favor of a model with 2 slopes, indicating that the trend in antibiotic dispensing changed over the study period (P , .001 for all sites and age groups). Inflection points indicating the year of the change in slope are noted with larger markers in Fig 1. The particular year in which the change in slope occurred differed across age groups and sites. After each inflection point, the rate of decline slowed relative to the preinflection period or even reversed, meaning increasing rates were observed in the later period, although these increases were typically small (Table 1) .
Children aged 3 to ,24 months experienced the greatest overall decline in antibiotic use between 2000-2001 and 2009-2010. However, after the inflection year, the decline in dispensing was ,3% per year for plans A and B and close to zero in plan C, indicating near stabilization of dispensing. Throughout the study period, dispensing for children aged 2 to ,4 years was nearly one-third less than in the 3-to ,24-month age group. In this age group, the rate of antibiotic dispensing continued to decline after the inflection point in plans A and C but at a slower rate. In plan B, however, after years of decreases, a 5% increase in dispensing was noted between 2008-2009 and 2009-2010 (0.59 to 0.62; P , .001). For the 4-to ,6-year-olds and 6-to ,12-year-olds, modest declines in dispensing continued in plans A and B, while the dispensing rate at plan C approached stabilization for 4-to 6-yearolds and increased for 6-to 12-year-olds. Decline in total antibiotic rate before inflection year compared with decline noted after inflection. Negative percentages indicate an increase in antibiotic prescribing rate during this time period. a For CIs that include 0, a decline of 0 is consistent with a stable rate of dispensing.
FIGURE 2
Distribution of diagnoses and antibiotic prescriptions in 2009-2010 among 3 health plans. UTI, urinary tract infection.
Trends in Dispensing According to Diagnosis
RTIs accounted for .75% of all antibiotics prescribed for children aged ,12 years. Otitis media (OM) was the most common diagnosis for which antibiotics were prescribed for children aged ,6 years, particularly in the 3-to ,24-month age group (Fig 2) . Among children aged 6 to ,12 years, pharyngitis was the most common diagnosis associated with an antibiotic dispensing (Fig 2) . The visit rate for adolescents (12 to ,18 years) was lower than for younger children, but dispensing of antibiotics not linked to an encounter was common, accounting for 35% of dispensed antibiotics across sites by 2009-2010. Adolescents also had the highest fractions of illnesses coded as viral RTIs that were treated with an antibiotic, with large variation according to health plan (A: 24%; B: 8%; C: 26%).
Trends in Dispensing According to Antibiotic Class
The majority of antibiotics dispensed for children aged ,12 years included penicillins, cephalosporins, and second-generation macrolides (Fig 3) . In contrast to younger children, among adolescents, first-line penicillin dispensings were followed closely by tetracycline dispensings, coincident with more visits for acne (Fig 2) . Increases were noted in the use of broad-spectrum, third-generation cephalosporins (Appendix 4). OM was the leading diagnosis associated with third-generation cephalosporin use through age 12 years, followed by sinusitis and pharyngitis. In adolescents, broadspectrum cephalosporins were prescribed frequently for sinusitis. (Table 2) .
Macrolide dispensing at all plans in the 3-to ,24-month age group and in plans A and B for those aged 2 to ,4 years showed small decreases, but increases were noted in plan C, and in all plans for all other age groups. (Appendix 4). The majority of macrolides were prescribed for OM among those aged ,6 years. In those aged 6 to ,18 years, pharyngitis, viral RTIs, and pneumonia were the leading diagnoses treated with macrolides (Table 3) .
DISCUSSION
The downward trend in antibiotic dispensing slowed substantially or reversed between 2000-2001 and 2009-2010 in these 3 plans and across all age groups. In the early part of this decade, rates declined relatively rapidly, particularly in the 3-to ,24-month age group. Later in the decade, this decline slowed or even reversed, as noted in adolescents. This finding is similar to that of Greene et al 24 in a smaller sample of children aged ,6 years in Massachusetts. To our knowledge, our study results reflect the first clear evidence of stabilization of antibiotic-dispensing rates across geographically distinct regions of the United States.
Our findings provide compelling evidence that continued improvements in judicious antibiotic use are possible. We found that the decline in antibiotic use was driven more by a decline in the OM diagnosis rate than by changes in the management of OM once diagnosed. This finding may be due to guidelines and education aimed at narrowing the diagnostic criteria for acute OM, as well as use of the conjugated pneumococcal vaccine. 18, 34, 35 Because OM continues to be the primary driver of antibiotics dispensed (particularly for those aged ,6 years), any additional decline in antibiotic rates will likely be driven by changes in diagnosis and management of this common infection. In contrast, we found a relatively low proportion of antibiotics prescribed for presumed viral infections compared with previous studies, 26, 36, 37 suggesting that targeting antibiotic treatment of episodes explicitly labeled as "viral" is unlikely to result in large decreases in antibiotic use.
Use of second-generation macrolides and third-generation cephalosporins continued despite attention to issues of overuse of these agents in the last decade. 23, 26, [38] [39] [40] [41] [42] [43] Macrolides are frequently prescribed for OM or associated with visits for diagnosed viral infections, particularly among adolescents. Broadspectrum cephalosporins are most prescribed for OM, pharyngitis, and sinusitis. Clinical guidelines for management of these common childhood infections include clear statements that neither macrolides nor third-generation cephalosporins are appropriate initial agents [14] [15] [16] [17] and may contribute to increased costs of care. 44 Although use of these drugs may be considered in cases of penicillin allergy or for clinical failure of a first-line agent, understanding the driving forces for the upward trend in use of these broad-spectrum agents is vital to designing interventions to reduce their unwarranted use.
We were surprised at the plan-level variation in antibiotic dispensing, with plan B having lower dispensing rates across all age groups. We do not know whether these findings represent differences in regional prescribing patterns, the influence of local health plan interventions, or the consequence of care-seeking patterns in these populations. Furthermore, even within a health plan, individual-and practice-level prescribing rates may vary. During this study period, a variety of antimicrobial stewardshipeffortswereimplementedat the health plan, state, and national levels, includingeducationalcampaignsdirected at both prescribers and patients. 2, 3, 19, 45 A recent paper by Hicks et al 46 affirms the wide geographic variation in prescribing that align with data from our study. In addition, other concurrent antibiotic stewardship efforts and electronic medical record modifications specifically at plan B could have influenced the low prescribing rates noted.
Our study analysis (in 3 defined populations) complements data from studies using the National Ambulatory Medical Care Survey, which estimates rates from visit-level data. In contrast to these studies, 22, 25, 26 our data represent all new and refilled ambulatory prescriptions during the study period for enrolled patients, not just those that occur at an office visit. As with all studies based on health insurance claims, miscoding by providers can occur. However, changes in coding practice would have to vary across years for our findings regarding stabilization of rates to be the result of miscoding. Our data also lack individual-level demographic data, such as race, gender, and ethnicity, which have been previously associated with modest differences in rates of antibiotic prescribing. Finally, these findings reflect data from 3 health plans and may not be representative of trends in other parts of the country, other health plan models, or other populations in these regions.
Optimal antibiotic prescribing balances the consequences of overtreatment of viral syndromes and undertreatment of bacterial infections, the diagnosis of which is not always certain. 47, 48 Use of antimicrobial stewardship programs, institution of clinical practice guidelines, and electronic medical record changes have been used to decrease unnecessary antibiotic prescribing, with varied success. 49 Recent interventions have been reported to decrease inappropriate antibiotic use. 45, [50] [51] [52] Renewed efforts to decrease inappropriate broad-spectrum antibiotic use may be especially important given the current dispensing trends found in the current study. Although the optimal rate of antibiotic dispensing is unknown, providers in 1 health plan studied here consistently prescribed fewer antibiotics. Further reductions in total dispensing may be achievable by understanding the differences in approach between lower and higher prescribing plans. These data also suggest that after years of decline in rates based on general messages that promote judicious prescribing, further progress may require focus on particular age groups, diagnoses, or antibiotic classes. New interventions tailored to local prescribing patterns at the level of the health system, practice, or clinician may also be needed.
CONCLUSIONS
Our data suggest that the downward trend in antibiotic use for children, observed for more than a decade, is coming to an end. This finding seems to be true across all pediatric age groups. However, because the highest rates of antibiotic use continue to be in young children, decreasing broad-spectrum use for common conditions such as OM will need to be a continuing focus for intervention. Because prescribing rates vary considerably, further efforts to improve judicious antibiotic use are also likely to benefit from identifying best practices in low-prescribing areas and health care delivery systems.
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